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(54) BALL GRID ARRAY SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To flip-chip mount a pellet- 
like semiconductor chip with high connecting reliability at 
low cost by optimizing the arrangement of ball 
electrodes. 

SOLUTION: This ball grid array semiconductor device 
comprises a semiconductor chip 1 having a plurality of 
bonding pads, and a circuit wiring board 2 with the 
semiconductor chip mounted at a flip-chip on its major 
surface through bump electrodes 8 and pads for ball 
electrodes 4 placed on its underside. The pads for ball 
electrodes 4 are placed in regions on the underside, 
other than those corresponding to the region on the 
major surface where the bump electrodes 8 are placed. 
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1 

ft-f -y 7 1 , iffii t *y zfwmc £ *) ftuIE!¥«f*f - v 7° 
#7 V y 7°f- -y 7*g£ft3 i: 5±tcIiiStc#-;l/«iffl 
ov\-y F7bW{3ftfcl"li®E$&l.t«i:> 3:1(6*. S^f* 

MOTES $ nr i > 2. {UsHlc JtJfc* 2) nfaEl*i§<z>fig«Wfl 
wPWfcEKSftT^SC tZftmt-f «#-;b^U -y 

[gg$£ 2 ] iiufE[H«ISi«Bu1B¥«ft^ 7 7°<*W 
Jf^cfc 0 ^ctoW^l'iS^WU iuE^y 7fMt±MIE¥ 
iil*^ 'v 7° i: BijlB|S|gSBa«»«»±ffi fc: »p B 1 t fff ^OBB 

It! A > 7iM^E§i S ftfc HuKiffiOplfelt^ ttJSt § hu 

[hIaR^ 3 ] buIB> s > ^WffitiSuIH^ft^- -y 7° h sufE 
li]SSBE^aiSw±fii i: ©Htc3f)£©KgT'^ b ft. bu 
35*'- /Mtliffl © / < v F tuEifSiic fWil/ s > 7°«ffi ^ 
Eli $ ft To § pM« tc ^IS-T 5 MKlmffioiffii&o) rtfflfc 
7 U-YWcEii'iSftT^S c ££^tT£, ni*!!'! l 
giifiOsP-^^U -y KTb-f^-WttSft. 

[,,'i;:<ia 4 ] MufdNsssB^Sfxttfise^w*^ •» 7*<ofl 

H5J: 0 'h5 I \W£ >tj£££ U iiu^Ay 7«»iHUf2¥ 
.y 7 £ iiij"n"d[!'ISSffilS»tti«ii]Eii i «fUl t pJf&cOE 
m?MtfhftZ>tPHz, HufG^-^ffifflW^'v Mil's i 
,-id ' n > 7itifiKtf ESf S ftfc^lc *flc.;-r 5 iji'i.HSIScoR 

5.ffliJiJfi 1 tSiittfJ^-^yj -y F7b^'y)f-«l*« 

II U 

[ 0 0 0 1 ] 

7# 7 U >y 7-7- -y 7"^S 5 ft, fllfnco 

•f3lt5d<— ;1/^*U 'y F7W (WT\ i&gtaSUTBG 
A — Ball Grid Array- i^IETSc ) ^g^ilOfS 
t!tt/r|:,| I. v -a /...];-• /:/ViJ y F7b-fSW*IS«t 

IJM-TSo 
[0 0 0 2] 

#{*§|gf$fi5 tc&^T fcflffBlftf fc##J6 b ftT ^ 5 o c 

h\ m $> im®m%>mwnmftm t try u -y 7^-77 

7 U y 7^ y 7'A'^|-iW(±, W 2 0 ( a ) (C/Kf <fc 5 



(2) ¥fffl 2 0 0 0 - 7 7 5 5 6 

2 

t, *Hi#fr^3 40112 em:mi3&xf*mwff$i 

3 4 2 9 0 4 0#4^BlC«J:»)BH**nTW*, 
&fcJtDj£HSC&o-CV5 0 PHKfcVT, 7° 
1 ti/^7°«1®8icj;D*^0S§SB^«^§0gSE 

% 0 1 fiJp^fW^y F. 2 2^y^U7^^ 

;k 2 3f±i|mi(*f-y^«f«*?, 2 4t±V;l/^Pi>'X 

[0 0 0 3] ^^ft/vy^-v-'ti^ I /0 

10 tf^iStOigiPtffl/^QF P(Quad Flat Package) «jgT* 
tt@BE«»ISC»'r*OLBIf'y^»<«:»), 0S§ 
^U£*fcS8tt#fflliT?&o;fco iSt TElectr 

nnic Packaging and Production, p25, May 1992J tCfS 
tt^nT^S J: 3 tc^ftf-y 7°^ST2.^f*^-y 
^r->*?:OMP A C (Over Molded Pad Array Carrier) 

feff4t>nT^«c OMPAC/W^-S/CDWSte, P 
GA (Pin Grid Array) /^^r- S^f A If >©ftt>0 

20 OMP ACttllffiST'BGA (Ball Grid Arr 

ay) ^y^r-z/t LTSflbtlTfeO, ^18^^^-^ 

[0 0 0 4] COBGAtt, 7 7°^^«^tlfc 

BGA + t'J 7»g^ B G A § 0KBIft»St 

WLT^-;HttftT*Sf8rrs«ifiT'feSfc*k:, 7 'J -y 

7^ -y y^s-e^-r <fc •) ^jfitt^fiTf s 

^ 3 raffi^ftS 0 < , B G A 0ESE$SS«« 

isH^^ici: b g a *®m?%®% l &mMfa<Dmw i %& 

30 mttmtn^z. tick *) ^-;b*ftS»tj£*^*<56* 

B G A / \y >r- iycoWmm&M^i&T 1<*£ZZ.£K 

SBGAii, S^WtC 7 U -y 7^ -y 7°^SR'# 
ifiA^-T*** fctb, B G A OUSJfeRfilBttttsP— 

•aas^Kjfttfi-rsR^isnKiS^Sifeftfti-rs ibm jour 

nal of Research Development, Vol.13, p251, 1969 IC 
MM 2 n T ^ § <t 3 1 7 U -y 7*^ -y 7'HS TO^Sfci 

40 ^o^aTiRLtrscfctf-ets,, 

[0005] s bic b c A<DmKmm*fo±.z*£z> 

¥2-10 9 3 5 8 #&ireii*+ U 7S«« 4 PglC^ 

S-ti-T^So «fM¥3- 11 6 8 3 S^IKTti 

-t##fy^7'J •y7^-y7°Sa : TStt. ^«y^r- 

50 lC)||^Tt^„ ^btC, f.ff;'HW6 3- 1 2 1 4 2 IJ^^g 



(3) 

3 

^-iWM^WfMl-^^fcib. B G A@BIES 
B G A%»»T*lHlB3iS©EIt%*J»tT#- 

t»IWLTl'>5„ WrfcWMTS- 1 5 3 8 3 2 <§&$RT? 

(b) tor^/j&lcfc^T. ItihMBgO^^S^B 

(j 7 ij >y 7^. y ^^S^ffifcfctf 3^>:/?gfiHI£tt* 
l&l lr.?-a:S^jS*»ftI-r5#Si:^©t>0-efeSfe 10 

S 8 tc J; K> B G A WSSffiSSfi 2 n, u 

2 ii3p-;l/'.liMi 4 ic J: *.li?l'i|BSW*fflj«r 5I»I»K 

[0 0 0 6] BG At JStrrS 7 

iST*t±« ^««©fl*iHi*tt*fiaE-r« b g Atgisms 

Wfc ii . B G A icm®? 5 7° 1 to $&tf*M 

ftbT<§C^tCj;f), ^ajffW -y 7°>&fg«-f 5 B G A 
J.tfe 2 W ■[ <}]■, K '■■ < ft 0 , B C A J,Wg 2 tO^ifiitC ft 1ft 

ins-f-^ittt 4 tc^^.-rstt^^^^o b g ah 
^fnn'--;::^' v^<fto. cns-ettnajiicasft 

fro 7c B G A X-/imm 4 '-'yji.:, 'j tifr 1' l 1 ?^"/" -v 7° 1 
fl oyrvy 7vati 8 lc 1 Hff W £ f£ tl 31 &ft*#S££#5<: 
i: £ ft 0 . f-igftf- 'v ft B G A 0SSBSi?®*££JggET 
«^>7%t«®«-&'Jl^e- LTO/cc. COJ^lfiWftWr 

-f <y 7> i^fr h m-k'muc &w? %>^y -fnuxo^tn 

mm t it i'd 4 9 , 1*5 2 0 ( <: ) 0} £n [c , -y 7 

•■•j^i'ri i, it-; '4 / i y -fmmmrm\^ *^i:»c';a . 
a s < ft o , hi ?RSBSSii©Miatt*«ii-r § (2 \mm, 

fcS&cO Via -3 tc. 
[o o o 7 ] /. . £<i^)m 

« t, ft mW%mm £LX7>)-y >y 7HS& 40 
ffifr ktf G>ft£ C £ &\vhE<DM *} T?fc3#, 7 U -y 7°^ 

y 7HS * ft &vrz£>icit '■■■■riik-f- -y yicii L'^y 7°£ 

Ltli, *lWff 2, 4 I 0 7 7 4^&«, 3 4 

!i 8 2 9 f) ^ffi. HZ} I BM Journal of Research a 
nd Development, pp226-229. May 1969 lCl£W.(QMM 
?£, fJBBBff 5 8-2 2 5 6 5 2 ^PrfW 1-13 

4 9 5 3^«tad«01tSl*6^#ffi*ffl^ , '«Ci:A^ - 

is w t fT ft t>n r -5 fc„ c n e n ^ ^ rc / 7°« 

^F;;-it //ii;:.t " 'N-f XWffM^nfc7x/NtW L 50 
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T / < > -fnWfctftZ'K ft 3 fc 46 s ¥m#? V -ftoi&UX 
h itZMMT f § fe OT'fc o fco 
[0 0 0 8] i:c5^ (KD^^fOx/^HtJ;*) — 
fi§LT^> 7Bf&Zfi ft 5 77 ffi C *5^T 14, *#f* 7 x 

T'tcMLTti, S^}cy^7ffMT-tft^Fp^ffifrSo 
fco C^A>7°«WMTtftl/^p1Mti, ->XrAcOS 
LT^«cD¥-«f*^-v7°^tt^ilt§t2|S 

T, 7 0 -y7f--y7 0 HS1-§tf □ic#tcfi7vftf^i:ft 
■sTV^c. C©^l/y ht»cftl«*3if*^-y7(cWtT/^ 
>^ja*ff43M**il»4s ifi¥©7U 7 7"f7 7 
HSicPM 6-fcn*"P©TAB HS^rlTft 5 V a t<: fc P^^ 
ffiT-$.^fcfc46, -^b-y h«fi«¥«l*^'y7(cy^>7 

ist §^<coii^6 ,; cn$TiTftt>nT^So 0U 

«\ Proceeding ISHM 1994, pp437-478. 1994 T'l4, 7 
Y yf w > 7"SS^ it ffl L fc 7 -Y 4r-y ^ 7 1° 7 7' 
r£TA u^77£^7^-y7°K:JfMLT^§o Proceed! 
ng ECTC 1991, pp26-29, 1991 S.tiProceeding ECTC 19 
90, pp412-417, 1990 T'{4, f##f7 70A7^- 

y 3 yl&*^xticLTmmMt6r>%&v>vs7WMtt 

MLTV^o Proceeding ISHM pp45-49, 1989T14, ^ 

7 T'^fiJc imic u fc ^ y -f-i'in^nw^ •> 7tc g 

iLT^5„ ^P.lC, Proceeding ECTC 1992, pp487-49 

AM L ft t^T-<7 f - -y 7^r 7 >J -y 7^ -y c: £ 

tffrftfrftTi^Sc 

[0 0 0 9] ±fd7 7-^-^7 t;771£-c:VN 

y 7^*Sf § , &&? % ' ^ y 7®. « to ? 5 
/c46A77ffMn#P B I ]frfi< ftO, y^77°|UjS3X HfrlM 

/■ii; Gii. X>t-< F±lc^JSIIfr^77WfcJff 
«MfS«ittfr3t»ft^7 7°ft^ ^rSSffif S 

tc JfM L 7 7*ffi>£ W*-? 1 -y % MiX* 

tt, ^>7 P JfMaiS'DSiS3Xhfc, flML/2A77* 
g^ijf^f- - y 7*^*K^-r 5 7°a -b xn X h frMft 0 , 
7 U -y 7> -y t L, TOSiin X h frfS < ft § 
fr$,-3fco Sfc, /^77«ffi^ffMLft^TH7JttWS 
JS^i^iJ^ffiill L-T7 0 -y 7°^-y -/M^t^ 77^(4, H 
7?tt^«S*^©fflWglrccr)PIWfr?> ^t 0 7ffi« I /O 

[0 0 10] tiL±to£o%J5it;%Rl^X^yv°B 
«*fT*0^7U •y7 > f->y7 p *g-r?>^T-(4, ^-fn© 

7 U -y 7^ y 7°HS^frft t> fc»£fc J£« LT, ^77" 

<0 <t 5 ft -7^7t^(2 Lfc7 'J 7 7°f - y 7° 



5 

« : F«ts^^g{g*ltt^^.h^^/ci6k:^K G D (Know 
n Good Die) fci^n] fc<DT*& 0 , ^VS/y^fjt?3^ 

^L^y h«IB^Wft^»y ^taiEi: LT^>7°ffM 

[0 0 1 l] W±o^<©Bag*»}*-r5^ffii: 
LT\ If 2 0 (d) tC^-Tcfc^lC, T A B T" — 7° 3 5 60 

ffiiiW5r-^B G A (T-BGA) tlT^£ 0 
[HlH^fcl^C, v?-/3 2li#/*-:/U-K 3 3&Xf- 
Y7ts 3 4l±T A B FT&£ 0 fcd^ft^ 

C to T -BGAti , TABfflf-yffl L ^ 7° 

mmr kr< <&i) . n^ms*'^M{t^z%^Mtf 20 

6ofc 0 CiQfc #>(.'■ S P (Chip Scale Package) 

WL^^k ffll X. tfF.loc t ionic Package Production pp.4 
9-53, January 1998, \cM&t£tltz ji -BGAt -/jtiitS 

rr icm-^Z \\}&0)\ S] M fct T $ 5 £0 TIJ&fro 

-k 

[00 1 2] 

[fmwfflktz? t-t&RMi mtoja ?ft7u ^ 30 

i,c.; Ij^tf'^ 7°vl£Wc L T ^ > 7°vil# A^gt^ £ § 
i&W.ti * S £ X fi yc^lMj ± T -S -5 cfc 9 tc & T # 

/c , 7 u -y 7-;- -/nmmcM & k raaitc , #-/mi 

t>, *"-/UM^fK#fitt^rriI.h^-ttT« : FlHlK}gHcD^g 
y^ttJ&^fiWRtSi&S^ft^fcc CWfcft, 7U-y 
v •<• •:> 7 j^!>k e|«©//H;fc«J: 0 #-;W6*JIWr£*lfi 40 

fcT'BGA OJS«Efit«tt fe * s sa s •cifii.h-r « C k * 

T'#5 <fc?{CftoTt/c;^, }fi^-c?)ct BGA(C*g 
®T § -I '--mi** -y RlSCf \y 7(c ft« $ n 

z> £5ick*ntznT< sk, Ln^T'O^ffifii*- 
;HSfetff^tt.^3t^tc5S«T tft < ftSB8iI#fcofc„ 
C WlfilHU: s mW* 'V 7tfffift<*S < 45 k B G A 
;bretertia5i,t;y , j^^f«S^«iti:.:t$xLT^# < * 

Mic m't?% ' ^7i6 7j ,1> k (i %hhffi&rs&.-h-$?t so 
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ifccpfg^ s * § c k £ s o , ^ >y y ©a^n ^ ^ y 

[0013] -^r, yvy^f-vTm&zmmtzittb 
» o £ ?£4 k * s -9sw ic ffl v ^ e. nt * a\ 
t^-j 7°*ttmic lt7'J7 7°f - v 7°mm*fi% i m& 

l?n, T A Big&H'?:MftlcLTfcSggf © 
S0Jft#!«SH£tt*£5fc&^T£fc. tz%ti\ I/O 
ROltttatff 5y^-y Kif <y^o«MH{tx ¥«{*f--y7 0 ^ 

se**-eo^rffi%fflv>s k, aw^Sfficopiwk« 
iiJSipmfc^Sk&oTi^o cne 

LTA>7°>'x7aS*5S{ST't*<*§/cto> »fliS 

&w<Dmmcmmt%^y7°fc}i&*iftftM%i-?z> c k 
^t? * a < a »> , ^ > tiMtt**»aii«T *ft< 

ftSIHH^^LTl/^o £Bt^ -^b-yhttMtc^giJ 
tfc*W*^-y 7°ic^..igk Lx^y^BfRLtzm S\ 
•^aSOMiSttfiliE**^ K G DJfir^St-rS^tfS&S 
A\ ^ U -y BttM©^«f*f- >y 7°(cW LKGD ?k%mt 
% c fc^fttfiWtfflllftc k feHH fcfttjTVfc. ft 
fc\ 1#(Cjtt^^4S*^/^yy- vk LT T-BGA, CS 
P, /i-BGA^tiS^nT^S^, C^-fnt±IScDj;9ft 

[0014] ^gBJJ{i±.iB«i;y)M^^Tft$n^to3 

■e* 0 . l3lSSSE^S«ccD%ffi{c^aSf*^-y 7#fiftf£n 
B g A^mift«»o»ilffli:K»sn«sP-;u«i 

ffl«/N7 f*vn> 7°*s©ias s n 5 

BjitcSBBSnsc klc^O^U-y httHfe<0^ft^>y 
7^i«G^^ft#;ttrfSn 7> >y 7°'^gT 

1 5 k g d Bjt^ft b g a m*m#$km*mm? zctz 

gWkf?.o 

[00 1 5 ] 

ft, l fc««jK— ;l/fJ -y KTWI^fiftSI 

k, iEHcAyT"*!^ DSWE*»#f-y 7°^7'J >y 
7-f - >y 7°H^ 5 n* k « ic *-;MiSffl <D/ < »y F 

tufH#-^«ffiffl<o^ > > fa\ Mieiffi^Mte^>7°« 

1/12 lc{%Z>X-)l?') v F7 U'TW^ftgiMi, .iii* 
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7°'*»±Mf E^iS^f- -y 7° t tui?E[elSgEiM<D±ffl t 
j\\o^/i-y F (i fn'j.E/ s 7 7°vlitt^fiei?( £ ft /c iW,Efeifii©«( 

3 c^S^-^y; ••/ FT u YS¥Wf*SSttW*iI l 
(c ;iE(Sc«> t "J lc tsi > T , mnl^y ~?MM Si tut E¥ 
•y ytMldHBSBBSlsatgOiDBtorafcmSCEBT-S 10 
itbft, Hi'JfE*— ^ffifflW^'V F&HufEiiStctuK^ 
> 7«ffi^'SBW 2 ftT^§ pSi^lc WIST § mfE»ffi©M 
JjJ^rtlltcru-rttlcgES^ftT^Sci LT 
i^i>o £/c, t^S4?-;l/yu -y F7kW 

j§f*SBSft MjRiB llcaetcOtcDicfc^T, HuteiUlK 
@SSSfi(iFnjld-f »f*^-y 7<ofl# «t '5 

*s u mm^y-ZMmitm^m^-y -ftmm®® 

f£ ft rc mm. \c tt&? %> mmmmommm o«« wnoM 20 
j^tEgsftTi^c tzmit Lft^o cneoi 

;fftl 2 &L > U'ifi'iMI 4 tc £l , ; * > 7'affiA^$tf 6 ft 

£ Lt^\ c o) j; -> &JSJIiEB<7^& 6 "fx U TEH, 
I.ftEB^m0)EBA^*.?>ft'f|3o NMg 
f* r • / -7t')/|.|;..M.ii;. i; HBGA NSSE*9StS©^fl5 
« »J-a-«-/j3b^h?v^-;l/^U 'y FT U YW. ¥SSt*8» 
!.::r;t--. -y 7 tBGA i-.ft.Hm';'* ISjco 

m)i^iLwmcr<>7wm s &.wi?Ei\, b g ae'I^eis 

Jtf ftico i-:ifn ^)'v> 2 ft T i ^3 nfi#£ tft\7 30 
^Kffii^pSiSlc^l^iJ^fiislclcijK— MffifflfJ^^ F^rT 
U^lc.jWS £ -) lc LT c © <fc -j (ctfM t/£ 

ilS,1\ ;.Fi *l!<7 fct> T-'ft* ■' 'V l: DW^BGA 
l"ME«»* t fK- ftencOJ§|[tflM#l£ ft§ £ a tc&hh 
£ftS<0-e. B G A "MMMSBO/J^ffc lift) ifilltV ) 

[00 1 B] 'Ki<fct.Ig(I«*>fVyyA 
•y F£fi§x fc T-Wttf- 'y 7^NSSE^ii«:Fiilc a> 7 
J; 0 7 'J -y 7^- ^ 7HS SftTi^fc c i: i: , @S§ 
e^ttffiaiffitc^-^'Si-ffiA^T b-YtttcEE^ftTl^ 40 

@BBIS»ft*»«[-r § ^ > 7«ffi©fi« ±lc 

: {v y . AMv.'&M^i ■ % y ywmz-'f-m*^ v 7© 
*>fy yy*A»; i-ui''ii'u7ft-'_^t <a r.ft.i:. sasssaii 

JStk»a'«^-;Kas^EB5ft^v^J^tC'>^:< fc t 
t % If.! J: 0 ^liffif 5iiiaTt.fii\ ±.E© <t 50 



^12 0 0 0-7 7 556 
8 

^^fi^TJtelciOHjS^ftfc^-^^U y FTPYSI 
[0 0 17] 

fl!lcaHRfflO#^7*w 77>^-y K*S'T« i l s »ftf-y7 r 
l ±ffi (H*<D±E) t/^77°fl:ffi8lc < i;0tfiE* 
^<*^'V7°1 A^U •y7'f-7 7^S2ft?)i:S(<:iiiifii 
(H^cDlffi) ;l/«ffiffl<D/^^ F (0 1 T-t±®^ 

«nr) A^EB^ft/cB g AiHissE^as2 

its le]SSEIgSte2t±. 0^2ft^^±te^>y Ktjsa 
Snsti^K <fc D JfM2ftfc*-;l/«ffi 4 (c «fc 0 v+f 

FSSOIslBSi«SS7 KHUSnSo 
[ooi 8] ffiGBBSffiSKZK&t^Ttt, H3(c* 
"t"<t9t, ;l/iC1lte4;iJ<D/'\ > y FA\ iMifiiifiUcrif/ilH 

/ < y -fmm 8 a^ieb ? ft t v ^§ mm 5 1 »js-t « ame* 

S<D^W^O^tcEB2ftT*5 0 . c ©lifiKA^H l 
HSS^B5lcfS?.¥«{*^BC)1t©T$)5 0 c o <t o 
&ZG-rzm 1 *ffi»ffitc^5¥«f*SB<DSii7?ffit 
Ot^T< 02 (a) (b) (c) (d) fitfB3 

(e) (f) (g) *imL-&fft>m}-*Zo 

[0 0 19] H2 (a) ^fc^T, *>fy>^' 

/^-y FSP^^V^T P S G PJ > • ->'J * • *7X) t 
S iN ~> l> 3 » Tv^y y^->3 >?tl, 

•y F ttrSlc -> > 7"2 ftT t ^ v ~? l 

f5„ CTD¥3i{*f--y7i tt*f6W«o±S*^, 
— UaWt TPB6 ^tiT^S^l^yF tiC^ffrf- -y 7T' 

A\ S 1 SW^JTi±±sEcO«^W*^-y7^ffl^ 
f- 0 c <D^mW=f- -V 7° licit 1 0 0 m CD#7-fV 7 
7^-y F2 1 A^#i*:^ -y 7° 1 CSICgoT, 
^ V 7 1 OX -y VUftfr 6. l*liJ 2mm Ofigt 2 5 6 fl 
EB^ftTV^o ¥$#f-'y7°l t± 1 OmmX 1 0mm 
SkO^ffll^fcc, -7i, 0 2 (b) IC^-T 
4Sj|flcf-y^i*»«-r SBGAHKBISISS 
2{CtiCTx.{f*H#I¥ 4 8 1 1 0 8 2 5§i^sS&3WiiI 

;l/ FT-y 7L/c7°U 7" FS+SS L C (Surface Laminar 
Circuit) Sfi*ffl^5e:i:^T*f5„ LfetfoT. ffil 

xtf >k u y 5 vmm*MM.iMh LTimicmmmtf& 

(jSc^ ft T ^ 5 ttfil© 7F+ 777b»££ffl «1 A^nf 
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[0 0 2 0] d <D B G A |5|i^SH^»te 2 tDltffi^ i±¥# 
ftf7 7 1 IkfeWitZ) 1 0 Oi/mSOAu/^StfV 
iWVy'X h 2 4 ±fc7&J«£nfc¥«fHg|*i»? 23?: 
A" LTi(K 5 Mo A u ^>7°8 OiimT^riHi^icPS/g 
£tl£^ft\ WAJfWBHHH6 2~1 25 6 5 0 li&fRS 
fctt«FBBBB - r ) 9-1815 7 7 ftffiQ 63-1 

6 0 2 5 0 5|i^)«tC, 3b 

<s:. ij-ri.'^v 1 )-, v;j.^i|ji. -2),'. <•: A s T* 5 „ / * > zfmm 

8 tOMSt A u fc|5H5££n§ fc®T«:& < , A 1 , A 

u, W, Cu, Ni, Cr, Pi, P d fr5>jlSR£ft3 10 

HfJ®/c46, 1 ^ffiJBffiTHi A u^y^i: t/co 

A u/N>7°81ct±N i/T i/^J7^^MM^nt 
*3 0. ^5 0 |i 111+ 2 /iinWfflaicSiJtP^nTl/^o 
[0 0 2 1] ^bt, B G A[H]SggB^S1&<D*tBfctiN 
i /C u^b««^tl§^-Mg^iffiT- 1 2*2 0 0 ,1 
m<t>?2 5 6ffl7H'ttKEISnT^5o C®BGA 

iai»e«ss«ffifc:Eii*ns#-;i/fifii*iS^ 1 2t±¥ 20 

-y 7° 1 £g$ic f 5 [PliSE«g«±ffl<D> < > 7*« 
CgS*±KttffiBSttTVftl/\, Hf*W(Ctt, 15mm 

x 1 5 mm0 mn^r}\*{it%nmmKmi l c&<j% 1 

OmmX 1 0inm«1 : #ttf77l £ PJ-vj fWvMfr 
ZfoWUMW 2 mm£4'4>£: Lt± I 00(1 mitlW t£ 
•t> /UfiSffi i 2 ®ffiil«ihnP£i: LTi^ com 
( i A, n ^ - ;I / co m jfi /; jifeWftftlSStiatO-etifti/^ 

Xh^X^U-yi'HSHILT, -tift^r'J 7D-TT5C t\C 30 
<t D )f5 iff? 3 : 2- );i/u.'2'N- -X H-U. 

P b / S ii = 3 1 / 6 S^ttiVrti/bfi:^— x h£JIJl,\ 
(i/vfc U 7n-iC -f V7n ti/l/T^n-^T B G A[PJ 

C®tg 1 SySJfcfig-C'fSfl] bfc 1 5 mm x 1 5 mm^WFJ 
•;iJxWi 4 'i:-';^Ll«M;l : <2;t:. 1 OmmX 1 0mm® 

n\n.\ : ji<x<\-t 5 ¥«f*f- >y v h r -^ii-cfc § / n y 7° 
fg|7c^^l^^Ty;i/^'-bi>'x h 2 4ff$mt.UM\c 
sssnt^s. w J -. ®«§iff ® -v 7°^ giRStt 

SttitcyiSLTBG A ^#{*gB£K;ig?3 0 ^®»S 40 
[0 0 2 21 £ "f , 0 2 ( c ) 1C >jVT J;5t> ttfcl©tS 
•v 77 1 -y J -fry?- ?ffl^tfi»f 'v 7W^-rV > 

{ j 3 c ^^f- -y 7 1 ajn^mw-r 5 n U-v M 

^T. 0 2 (d) K^tiTK, -f-jSf+^-y7° 
i: LnltSGIKSfi^ftt^ ttfctt&T, >y 7° l ® 

,1? > -r < yffrt'y F 2 l fc ttJfrf 5t-h'V-iHl5- 50 
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3 5 OtCillJRlLTB G AHttiBJBSScBffiCStt* 
2 kg/mm" ~5 kg/mm' 5 #fflfta 

®mm.WM 2 ® A u / S > 7°£: f*f" >y 7° 
i ©a l l>fy Ft*SC« • »*«tSM»r 

SO® t>®T-fe 0 , ¥*f*^-y ^*@88BBaHfi±CffiH 

t\ CCi^lCLT, 0 3 (e) KSti^ftBGAf 

[0 0 2 3] ftfe, *^ l HJBBJBtaSKUfeiimiftf- 
•y 7°Jg^ffl® t- h y-;H4*o}|5tt3WK:l5S*h* 
i\ , k- h 7-;*«« B G A tf-MHiWM 

itffi.mcWArttus&.^rctb, as (a) tc^-r«};9 

C, 2 5 6 fliWffli L /c .Wirfj LTt^<, S fcH 5 
(b) tc^-r^^fc, sP^-r-r y*7>^v H 1 4 £*fJSf 
5l«LftJK«*tLTtI^. * 1 HSUBftTttSiW 
®ffig®fc46, 2 5 6ffl®b— h^-;l/A^S:L/cifiiU 
%^frSt<D*(^fflLfeo ft*. ^©JtSrfffiti B G A 

sp-;i/ 4 IBS«±tM«J; 0 t/J^2 < , t\y?% J: 0 

tl/M 5 0fim*T*So W±<0«fc5K, BGAHSSSS 
^S«±jc 7 U -y 7°^ -y 7°*a$ nfc¥*{*^ -y 7° 1 0 

BSBJ»»K3yff zm.ffl&ftort'&te^yv'Mz s o (im 

±2/imJ;D t^f*¥^T- 2 ^ m'h?l/^S» 4 8^ m 
±2 n mTfeo/io 

[0024] ^*3, 1213 ( r ) ictjvtj:^^ tes^tcfS 

«\ tf X 7 x / - 11% x ^ * y 1 4 X $ V - ;bgEfttt 
!«, SEM/kftUSftSiJ t EM®5^7 ^ 5 ^fiSthT- 4 5 

rcmtuit -y vzyyo^^ymm 

(ECON-1 95XL ; ffiSft'j*a») 1 0 0 «Rfii 

gp, SHWJ i: L T ® 7 x / -;Matflg 5 4 ffiSgl^ saw 
fcLtwM^'JA i oofiS;^ nmtLxn^yy 
)Wj*?->hT=.ym3nm^*m&. mmxtcz- 

liIS?n5tOT?liSi'\ W±®^j*tcJ;0, 0 4tr 
7r<f <fc d * . ^Wf*^ y 7°* B G A @SSIiI«S«±lC 7 
,j , y , v 7na$tu WMSP^tcx^+^ffifliA^ih 
SnfeBGA ¥ #«^a*HST' S 5 o 
[0 0 2 5] COtSBG Ajaifiifcflg(K*n*l4A//£# 
-;H4JS«* ni.¥«ftf- -y 7°i: B G A [°iSgsaSSte^ 
^■T-S^>7 0 1S®fifili^^^(i:LT, +100fi 
m®«5HrttcUY7^ HSn4V^Efi:4oT^5» * 
IC (i , C ® h $ ® - v Z>rcV><D\ 
u / n > 7°«S W 7 ^ h (iWttf -y 7°®x >y v^gp^-^ 
6 2 mmrtWcgBB$nT£9 - B G A4'«gH®# 
-;l/**fc B G A0SSgaHaS®Sg|5^?» 2 mmrtPJlC 
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1*1 4 (C ,i<t 4 '3 t , W < L <T>m% t ft -3 T V^o 
[0 0 2 6] #IlC, g3 (g) ICtt&ZoK* 
i£{I£tS$^£l§llftetBg1£7 K B G A¥#{*gE*H 

a-r 5 0 c ©a^HBS***)*^* bga nt&Besig 

tiKW<Ofl!'S«fe«>x BGA 0SSlHiai$« i: S L 

["J^S««5 K© fc: - £- h B G A £<Sf#f ?»3l/7h 

A,fc^'-;UtM'lti^I4LTl/^t\ BGA# 

S^EliSiSflloillSEIiiSftoWKilS? 
ii'J^frtf f §c c co 4: 9 tc , BGAt |! 'IgSfCaJ.Wfi^g 
tt SnftW ^ U h * * £ K T7Jf£» LT, 3 
0 kg/mm 2 £Jji1tL X-)\sWM£BG A*mmt% 

T'ftfft * u £)ttf§T?fifi * 2 5 0 °C $ T? 
h&-£-eTliA,/£*i8lK?'e, B G A^fS«-r§[H]SSgcl 
*aS*<o*WI8?i:BGA#-;l/flMi%S*6rs. 20 
i: i , BGA 3p-;MH»cffli/'>« &4A,/3M« Pb/S 

n = 3 7 / 6 3 Pk&&ktiZ*h%>fc#>. B G A&Sfcfc 
i > T v...;.fiv r ■f%mkfii'jiL A u ^ > ^tfiSfft^g-f § 
c i: i4ft < , A'Mtitt 5*jS*W Lfc SStB 

fcKJ: 0 . 1*1 i cii^¥IWt:S«**Wr* c it^Tt 

5., 

[oo27] :'k^x\ &mn\c&%Tmmwommn 
rm\mmoM \ -%tmm%m.w?%rz)6im^rc i o 30 

tumX 1 i) -ikii •r(. ) ;V)T-"'M^ - v V-V- 1 5mmX 1 5 m 

*ty-f>imt i ooott sja-t-r^/'us^ft-a {- 

5 5 °C ( 3 0 in i ii ) - 2 5 °C ( 5 rn i n ) ~ 1 2 5 °C 
( 3 0 m l n ) -25 "C ( 5 rn in)) T'f f ft 'J fco M 

fitf § ' * > 7*8tf § f»S± tcBGA f J.^WfrSffi 40 
(0#-;U'.1i*l*ffi!i y tLrctj£*S*»Wil!iT-H:, 1500 
+f ->.'L-Y ^l^fli^^'i L'C. 2 5 0 0 5 )VZWt 
m 4- 1 0 0 % 12 ft o fee £ /c, fi£**jt£> BGA?: 
B G AfifKlOKSEIBaiRtllSLT^W^'yyaJ^* 
^co^/7i;-C«HBi=flhL/-c*^{±. 2 5 0 0^-f^/US 
'Jl^ffil^if'! l./;< * 0 S*5tfH«tt.*^']± 

3 0 0 0W^ ;L-T 5 0 %c0^"- J Fa^%.4 LT ^ 

^^M-r § > n > v,iit*tic/)!,;,ij^ t gat- 5 

/c„ fct, A'y7°vli1i!R«ft§MSJ^h!c^-;P'.ilWi!^: 50 
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Wfc*S2l£»ilffftn? * ft ^ c i: £/TNt LT i/^o 
[0 0 2 8] c 5tK *58WOiS 1 '^SSff^filc «fc Sffi 
jfiT#-;HEe*fflV^cBG A (4, 3 5 0 OIM^H: 

75"j£T?W*^>y 7^^±Lftv^«^©*iiA\ 

ff«>TlRl±-pffT^SCi:jW||So 0 7 14. *ftm<DW, 
1 H^flKcfcS B G A§U**|*gB^«?@K«B^ 
flWtrS B G AK«L'4^Eiaffl«t^L/ci|, l ^tC*3^ 

So KS«DJ£Ktt«:«)3l l HW^Mtc45ttS*j»^SB 

WHEHo«±fWW*#*ft^fi£*«JfiOB G A iNW* 
SBtcfcltS^^^JS^^fe^Lfco ^>7°JS^l^cofa 
*W«tfC-r5/£:46, IS* ; U4^Sgi>f±^fTftt5ftl/^^ 
ffl^fco 7'77^?>aiie.^ft4-5tC, ¥2»{*^7V)A 

>7°viiW^ffi.<Htt«±ti: b g A^^5j?i*Si;'{o)#-;u 
SiSti tf4c 4; 0 ^> 7°«Stcjgp/TWft)S74ii^f§*- L T 
A>5o cn(4, #-;HtS*cOft«7'j^B G AHSSiaS 

[oo29] tc?,^ i mm&mc 4 s# 

-;lv€SEB«^ffl^/cB G A32¥«f*SStl§K$ 
ns^i*^-y7°±«/^>7°vlijiSitc(4e7"jffi©MWt)ll 
(4iJ^?tl"f . ^#<*^-y 7°^^b^>7°a^IH77 

nti, B GA#-^fi*^ B G AiaSSEtSSfitcrnifr 
o T tem S ti § iS*M*0j» t T ^^f*^ -y 7co/ <5 y 7° 
«ffiA^gaB2txTV^/ci6i:#x.t>txSo SbC, *fp 
fffiT-OJ6*^t4, ^W*^-y 7^m«t-S0SgSSSa« 

/ < > 7°tSyl ^fi*^'^ 2 tl 5 fe * Jfffi ft 
fco H8 (a) (4, BGA#-;bBBSlt«*ffiittM 

> 7°[S^s 1 4 x & mmzmis. l ^ ? ^ 7 -p & s . 

ME«R±fiH8) =l^tMlcLT. ^>7 p lE±i^t4i 1 ^ 
7 p gW±fft 5 (A>7°g/#-;b«ttSeBS 
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«846 X>\ >5<U T-VMttf- -y ^«)flfaH^IStt*HI L < |bJ± 
■f -5 c LtASt, T.sfei;tjco?J5 1 'MM&mc 

tffr -eft < . « s TfHsn?fet> /c^ i/7h tm<o* 

[0 0 3 0] 09ft^bB|l 3*ffl^T, 

oM 2 'mBMKm$.->l>f <) «y K7 l^^SlttSIl 

2 co -y 7 1 J*-T * Tfffi^JI* 5 C t X& 

5„ 1219 (a) (h) CitJ;?!:, ^#f*f- 'V 7° Hi 
IPS 1 '^fiUKfSfclBH^tC 1 OmmX 1 0 rnm<?7j7££;|f b 
T^5A'\ C<D¥¥ttt^v 7° 1 tf^SSftS B G A["lSg 
IdSS-tS 2 - )■! ;]; y 7 1 «fc »> t, £ VM 1mm 
X I 1 mmt&oTl/^o ^Offi^fffjSti, Slf» 
fltc i: H01*-efc t> . 010 (a) 
&i*b (d) fc i- 7K 1 1 (e) &V^b (g) i::-i.->r?fs 

TfeESfl 2 *5±tfH 3 fcfflVTSiBLfcS 1 mmBWUCfa 20 

[o o 3 1 ] ri i *mmm 2 ■)mmmic&%$> 

tc 1 OmmX 1 Q\nm-AikO^-mfaJ-";~?%: 1 1 mmx 
l I tnm.i-i£«:'fe-rS|n|!8e«SlBtllSL/'cW^«0K 
«^)t]^Ti«Mf?**ft^flMi"L/£fe-*T&S 0 2 5 6 tf 

>y)'l'T l i^fTt^feW^-^yic^^fc^ &^ :; fa 
!;LT. iWfetc K4ft'i Gl'i4 ; . gtWil :?S/S 9 Y ^ L 
/i, :. v t;/Gt : oooflSL fUJKtbf 7;l/Ml^fttt 30 

<- f> 5 °C ( 3 0 m i n ) ~ 2 5 °C ( 5 m i n ) ~ 1 2 
5 = C (3 Oin i n) -2 5 °C (5m in)} Tfr&tJ 

/2, £t\ ni 3 (a) %#Babft*^u»is**atttfi 

tS t 'rW'y71 £: ESIKSffdmMttt 2 

7**8 AW 3 (K£^ I: fctixSftoftSftMIMEfc: B G 

T'fcL : 5 il 0+f y Vr, -: f^f '^'i^^t I V. 2 00 

o+j-j^/ixmw&tu oo%i;ftofc 

ati+.t-^w^-y 7t b g A@vsEie2££8M9E?% 

b g a^b g a *^.i<sci' 'mmmimcxm Lxmw? v 
7t»ft%wu<DjjfcX'&jmiiti>rzta&ii. 2500-9- 
< *n>n xmm^atm^ b & < a 0 »«H!?*tetfiSi± 

bT^Stf, 3 0 0 0 77 5 0 %<D8effi^&&5£ 
C ft fb cofgj^&tt , B G A (M^Jgfr b 

am* i: , rwt- •:> 7 mmmmm t &m? z>>^> 
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x^mtimz3b%n&£xim%)xz%t<D<D, bga 

tt>ii:vfil[|lft»6«*E(tKti»f S#-;Mt«©*S*S t 
#-;b*ffitcrt&-r§)S^^^y < ;77*ffitc4x.?.SFJT 

tlx «t 5 3P-;l/*S©E»^ST*^SIft^ 7 7 

*»HIS±L4l#^«^©IIS#!Jfi^3 0 0 0^7/1/i: 

«S«9 is. y^7fMS,«yt«®Mf<:#-^«ffi^EB 

Lfe«^o*«MLfc«Bfi*, 250 ov-ct)ixmm 

mt § fS7J S AV^ > 7«ftft]^S ««SCi:l4We»A»"P 
f*^ 7 ^*fflltf»± b fe«BSO B G A ti, 3 500^ 

300 ovjt>i£xmm^&tt%£.i<%^'£m&mt 
tmtzt. %<DMmmm&t>mi£>xfa±x'2x\<-<z>c 

[0 0 3 21013 (b) *^lc<t§BG AS^ 
«ftgH^«-T[HKSB**^'rS B G A^miEl8SiHS 
«S(C 'Js'S b fcty a- ic fcnt 5 , ¥V?f*^ -y 7» / ^ y 7t5 

i*ii 3 (a) ic*tmmmmm&M\zm^K.t><D£mm 

T**S. ItKffJi: LT^-^WSEiloSt^SJS^WS 
4^^**iffl«B G Al 2 #{*SH(cfcnt§y^77iS^^ 

liflgMih b 4 (/■'KfiSrffl t ^/io 7 7 7 ^ 6 BJ3 e, i a 
t , I'^fiv- 1 - 7 7«/ <5 > 7«ffi©fiffi^>Jc B(; Al-'l' 

- ;i/ mm (c rtSf 5 )6 tj S t J; 0 y s 7 7*11 1 SP)t w * 
^l;,I ; /;>^'y b X £\m 4 y < 7 7t5^ 

BGA |s]^fiaiSS«5ril)ii b T ^«f*^ -y 7°%:Wffi.? % 

^y7°mmi,c{r:mznx^z>rci6t%z-^ti&o tc% 

*\ *«Wt«I:S#--'Mi«EWijfi*fflV^cB G Am 
p. y < 7 7M^a 'iif/rn! (cipj*^ T«^^ft^-J{Win%^ 

fCt^BSo cWi, BGA*'-;l'«Ifre>BGAlE] 
BSEi^aSC iRl ^ o T {rafi $ ft § 1573 ^ (HIM b T¥« 

ft ^ -y 7«y ^ Tnstmw ^ ft T f § *6 # X h ft 

S„ *§¥ffitc£i9>+*-/bm®A">MEiS£ft&y^ 
>7f5*^{*, ^^f*^ -y 7«r^«-T 5 HESGM&fiO 
JftKK^StflcS^, @SSE»S«JP^*^«i if 15* 
3i^i*vJ^^ < TiS tt^. SiflslSSEiaSSJlO^Ty 5 ; 
7 7l5* SffiA^^ * ft § ffifpO t *ffPffl T*StK b fc„ 
[0 0 3 3] Sfc, 118 (a) iCijkLfc BGAtHl/ 
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»|ifiic*L/c 0 7^7fr5Hjj£>frftfiHc, i^yy°m/ 

iu&ft»£^LT^So cco^m*^ <F-;l/EiI» 
ikfctt&VOT&W. LiT-feS (/^TH/tf-^WiE 
BSihM«) <lf.)i:t, ^>7°mWcm u ,£tiSJS7J 
,f:;±te*v: v < , faff*?- >v 7°«Miffi«tt^g L < 10 

b g a *--iimwm\i-Mm<»? ^^y-mmmwmmi 

*BI8 (b) tC>j<LTl^5 0 ^-^Vli^ftWMl^M^J 

L/c, ?77frbWbfrftfliK:, (»^Jl^y7°Sg^/ 
*-/l/KHia*8i*) = i£«{cLT#-;WS;^±t> 
Sift 3?f fc£>S LTi'-So c <D£gSfr b/^> 7°lfiffJinil 

fgti^fe-c/jN £ < ft o , b g a mmrnmm^ t<fat 

~f%ct t>m S o :tili, B g a |i ■li&EISWHSlcffriac'f" 

§ '^"m- 1 - y ./.- 6 b g A\<mMmMoy&iv.ftW'M 

■I- ft . ■].- /UttffilC :.L.i; ig m : . L&\,"fclt>t%7LZft 

s, 

[o o 3 4] :'kk. ^m\oym?>'kmm\c^^-)i 

?*) -v HZUYfMW^B^KI 1 4 ft^L0 1 8t<fc 

fcit/g-; z ■mmmici&z r-mwmm. t ydft s tu\t , r- 30 

mi** -v 7 UOtBGA ftlM^Sttc 2 <0 >f?£tf>J^ 

\ic A'^mimMtmm-c&^o zrm\ 5 ( a ) ~ 

(d) , Ni 6 (c) - (g) ic,irfm:vMM}mci& 

,3WILfcW2 (a) - (d) . H 3 (e) ~ (g) i:|ffl 
®ftc0T-*fflfi£n/]£'6Bft-t§ o B^i,A{iii#{*f--y7° 
1 AH) minx 9mmO)<\fk%-fiL-C^&£. t-?&Z>o — 

/j , -i 2 -«ft^ -y 7°£{s«-r sbga mmim&mc iz . 
^ xx* * ym.ticmumtmiWM ' ft 

y~7t<-&rcfrjX.<D~/V y hSSS L C (Surface Lamina 
rCircuil) %Wtm^Z.ht^^ 0 lot, M*»f 

nt l ^S 4ttl«0 7 b+ ->7';Hft^rffl V #HH6T 
fe£„ C«BG Al'fli&E^tfffiC^StCffM^ftS A u 

^yymo^mnii\m^-o^x^ 1 WBSs^Pttft 

[ 0 0 3 f> ] B C A I»[IHcffM£ftS t±/u/S1<-;Mi % 

imZh%'P!m+-v7t B G A |n|K*BBlJ,t«(*BMbS^ 50 
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ZrtV-?nm<DfflB&*i¥fo£L-C. ± 1 0 0 ^m^lE 
Hrttc FSftfti^ES^ftoT^ScDfcg! 1 H 

IfltliT-IStf, JlftWftEBaS^FSftoT^ 
So A u^>7"tSl/4'79 Mi^Iftf 77"©i7i/* 
ffl$$ftb>5 2 mmrtWlcfiifilSft, >y 7° J: 0 fe 1 

jTJA'S 1 ram/J^V^a^tt§9ramX 9mmOB G A 
@«SE«»KKffi«5#-;MISt B G A0Keiafiffi0) 
«B»ft»5 1 mmrtflUcS2»^nfcA>7°«SfSai^Pp 
iL^i: Lfc±100(i mpISrt^l^V^TX'J 7l2M^tl 

§o Sbic ^yymvjt^y-fimiMcoi^^^-ivm 
mmBMikmnmumi 7 (a) c^-rw<L©iH« 

[0 0 3 6] ^*R«0«^(Cfc^Tfg^LT^fcS^ 

wasijMt sat s ^wnwi 4: , fse* s t? 1 1* 
^ n 5 istj s t ea-r 5 , ^sisb t »ts l fc« 

m[cfe^S^>7 0 5S«T-$>-3fco ?j^oT> /^>7°llffi 

<D S B G A^^ttBA^a^ESUcfiiB-rS/K— 
o~)fc<h rli i: ^-^vii^tc rtft-r s jcs^j !f?*v^y 7°MiWic 

nfLTG^S„ emti, ^MSSftClOTSS, 
/ ^ > 7°«ffi{gS«± C ;l/«tt«rEH L ft ^ « T\ 

0ssidS»s^^fflMri (n, ) ^mw^yy'mm 

rk (Mi ) J; 9 t^:tv«fi«©B g AinKE^Stti 
I (3 , 7^'Jli^ t, r-p^uyi-^}?, (Mi <N 

, ) #2 5 0 0-9--<7;l/St?SIS^m^5iftLft^ci: 
hEt8I)gt*%iOl«Sff« 1 ¥ 
¥?{4^7 7°M^tffi (Ml) iD^i^HKI-ffi (N 
, ) ^4%^SIalKESS«t¥-«<*^-y7°^IS«L/ctf 
&O^S«3fi (M, >N, ) ^. 3 0 0 0+)-Y7^$T- 

^T'fe '3 , B G A |Hl8SE*g»tRTj-j£*^NI*^ >v 7^t?£ 

[0 0 3 7] ^P.1C S ^WKiS^-^EB^ffi-eB 

g a \"\m&mm±ic^m»^ <? y&m ltzomm 

$$ft*mm&± L feOBfiOD BGAti, 3500+M7;!/ 

c tmmznrcc cmzt-mm^^^mm^^m^ 

-v7°^±LftV^^<D»)fi^3 0 0 0"9--Y7;U$T« 

«^a*f6* b ft viaws* i: tmt s t , ^«s«fs 
m.mmtbr ft ± t ; ^ t g > s c t 5 „ c ® Misttft 
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[0 0 3 8] *JB«J(03IS 3 yjJBBfilt ct i> B G A 
ftSB^'l : FtilSSSS^1«jS;T^ B G A^KHSggESa 
fit US L fc* £fc S , *Wf*^ ■•/ 7°©^ > 7°fS±l 

imm<Dmmyimcm.mLrzM t )Th>j . memK^r 10 

T#-;HiliE«cOS±S«**«ai ^tt*«3fiO B G 

G A S¥»i*SSod5-;l/«StfEK*nTi/^fie*«l 
ifir-t±#-;i/«1&c rtftTSJSSSfc «t K> r< y 7°«»c 

g a Mmmmmmm l x -y y^isfc!^ 5 / < 

> 7° H ffi l c {d JJ $ 1 1 X I ^ fc 46 i: # x. P. 1 1 § o 
(i»J££nt\ r-W^^-y 7°rti^A^bA>7 : aA^Bt^ 

inj(ci«j*>oTf : av/j^Kj -tgta^^ii tftffiirczz. 

VM. B G A -h- 'L ■lit*^"', B G A 'imM^kl- '-'li' 
o T foil JUS I' -IP L T T^'t / <y 7°©/% > 7 

VtlftfEMSftTl^fctofc-^XbtlSo '";!... 30 
Wc«fc «3 bfr;ii^n5.^>7l6;j^«, f- 

.'•;:.>-•. . ; c . f [aiKSE*! '.tfiiv ^nx • s > 7 !■.'•■ >: Ifft'tf i* 

[ 0 0 4 0] B G A ^-)l^im¥AlMisXmiiO-) r> *>'^> 

■?mmmi®.®i$ > < > 7°«»t; ;j^ic * > x. § 

^Lfc^5 7feSS 1 *M^T'ffl^^|Si8 (a) i:|B]jf 
T* <fc § © T- . fp| El LTlit§o B G A #-;l/E 

ihflSMKWS L X , (/ n > 711/ A > 7°«SfiffiS 40 
tf-Jl/fEB't&ltfftt*) *«WllUC L/ctl5i^!cfctt§/^7° 
iSAl^fcflBttlCjSLfco 7"7 7^GHUt)A^1itc, (A 
>7f?/7N>7°mSfii H JS*.-^ErI®ihnl«) = 1* 

©ijgSfr b . / < y 7°*1S#- jhMK tf' < > 7®. 
fi hT'253 (/N>7ll/7x>'7 c *afi*J 3 JS#-^liffiE 

T 'hS < ft 0 , -y 7<Dja*MI«tt*<«f 

[001 1] Kll 8 (b) t±, i^fttlirrSifJi'ffC^^-ri. 50 
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isfistf -y 7°M^ffitft^-r zvm&wfe l 

S ©fflSam LTs ( B G A HIIfSSESXfi^ffJ \Tr*/ 

mm&fcti ft.*imK.™L fc 0 ?y?frt> m e ^* * 

5 lc , ( b g a islBEISaMRn^S/^PWftf - -y 7^ 

ff^jS) =1. l^^lB^LTl/^*^ (BGA0 
SSESfifiM^r£/*Wf*^-y7°M5^r£) = l *m 

5 o C OlS*^ 6 HKESSfcWB ¥S*f*^ -y 7° 
M^ffi* *) t/|N*V\ (B G A0KBa»S«^>J-Ji 
/^f*f--y7^ff^S;) <i£Di:t, ItihfitBgS^tc 

5i4-r§JS^^^i«46T/J^^ <ftD, b g a isisgBess 

fiSiftioplKBBWi«»«*l»±'P* B G Ag^Mim^ 

8t<ifii±-r*ci:*(«p*o cnii, 0g§sanafiij<D 

^-»fi£*i:a!©TfffiEWBfifc&t>TV^5fca6, BGAIU 

^^ffift^nTv^t©i:#xe.ti-5o fi±»Sg^ 
b. *%ffl<Dm3MM&Wi%:m^?>ZtK£t). BGA 
-¥^f*gB«S^fS*tt^^*«ia i: Jt« L TffifeT [6] 

v 7°*7 U v 7°^ -y 7°^gf § C t t>$S 
k: Rlffi i: ft 0 , fcXht-BGA ¥#(*gB*»3ST* !? 

[0 0 4 2] ftfe, ±aif;S 1 3 HflO^IBtC 

i^-WMia, -y 7° i tBGA iisgfiefia 
fi2 fc^'j^iaft^^n^njias^^t?, f»mot« 

£ $ n-f, Rl 1 9 ( a ) JCjfstlg 4 HflEJBflgO B G A m 

^mitmio) x ? t , u^ttTfl if«if^«¥^ft^ 'y 7° 
/^>7°ss8 «^#f*^>y 7° i <D?\-mm<D£XKmv% 

ffi 4 <OE5'J©M*Ji , 5 <fc 9 1 2 ^Jtlxtt btlT^?)„ ^ 

yy°mm 8tez<D£v ic¥mw?-'v 7° 1 <Dmw.K^ x 

S§ttbtl^cDTiift<, ^*^-y7°l€>^Offi«lC 

xu 7 mwtz mi x^ftttmzimx 2 z> 0 ltc 
ftr>x. mmmmt^^momsxm^rc mfccom 

if tJ t c ©SB 4 UflSB5<iO«^t ttx U TEifi t^o 
Z.t\cts.Z> 0 C(Dmi9 (a) t^?nS^4HSfi^!i 
K&Z B G A§y*#f*SB©te©l¥WM(im 1 ft^L 

m 3 Mtfimsit^i. bga ¥if*gt«i^ t mmxh 
z><Dxmmmwir£f&?z> a si 9 

(b) t^-r*5HSBKI!l©«t5fc, ^#fr^-y7°li: 

b g A@BK«atR2 fcofflcpattens^y^wss 
^iiisif*^- -y 7 1 <DmmLKfe-o x—wicmtzox-iftz 
<^mmK£r>mf%&7KLxi>^\ m\ 9 

(b) Kis^X, m5-XffiBMK{&Z>¥Wfomm. m 
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9 u'- ^r-r fXfcfrf r -rr l t B G AIfME 

¥ a<0JS ei /c rmsoiEB j t a c ©is s 

ItBGA l"IS§E&ME* 2 fcOllWettS 7 t B G A l'«ISg 
ffi&2 i:flDBg<0#-;l/«ffi4£0^«y FtfBESSftTVfc 

^ g 2 l nmt®. 6 ic ^ > 7°nm 8 ^-t j»es $ ft x 
mu^xmommtm 2 nmBmuc&z b g a§«¥« 

[0 0 4 3] ft*>\ *^ttf3ti_hIB«-SfeWft&tcpgS£^n 10 

$ fc tt =.ft JBft 5 P38I J&KTfc o ttflfj^O 

?i)I!ift)b4^t«T'S.§„ BGAO*-;l/ 
itStiBicol >Tt#tc[51S$n?)t><:0T'{±^< , B G 
A S«*iMt«: *-;l/Sft^7 U Y#fc3j££ ftTi 

}&x$>ni£}-ii\ tfc, b g a ms-SE^JS 

<. *-/nit§©-m<, ttiham*. it«§ftH©tf 

l r,id« l tciiK i<m:x'.i mw? •> -/mmmm 

7UY77 Htfx'J7EBU:&t>Ti/'>3t§frt±, 
Tttfei^Sdiil 5 ftftl ^flfe^x 0 7EM t^^ttSV 1 !, 
£OT*&£ 0 J^IC. B G AmKlQlKSc!SMtet*-;bE 

B/j&£^Mft 1 asiswiEtoattWL^, ^>t° 30 
vgt*i^b b g \x-)immmicfemftWMLxi^m& 
nm x h x & h b ir.iffii± ^\ ft fc . ^ > 7,1%/;. 5 
ia»«®*WE*sua*- 5 > < y '/ v r mmzrn « 

[ 0 0 4 4 ] 

immymm Wk. 3¥IWfci8WLfc.fc?fc, 
itlli, I' -?'* /- -y 7A%J^IcllSi<tS'0lS[fi!4c^77 c -a 

♦a?-?? u "y/f-y^asntw b g Awmimm 

«£fl^§*,VMfcft:3TV^/c46, W'^SBG A 

•T5ci:A^tS n ff£, tf-zl/WioEB^ftftv^ 
(HSS^if^ t LT'M < 1 & -y 7°£K 
i. ^ y ; : m Y.n mWRsSLteti L r i> 5 Bills i; ft o 
T *5 0 , (S ii*^ t tim? § SP$->*fiB« i: L T l3])S L 
T ^ 5 fc46 . [cOKBd^aS i: B C A ^fflS^^f S 

G A oyM&mtt, i'ftifi^ .U :•' rlg&gjFWH ifatt^lSilitf 50 



#r»1 2 0 0 0 - 7 7 5 5 6 
20 

5<D»c^*fii$-T?iRi±-rscifc^Rr«i:aso 
[0045] ^ftSBm^-rs/o^wffi 

f±, A 1 , A u , W, Cu, Ni, C r , P t , P d 
T'fe 0 , BGA 4?— 71/^*81* Pb, Sn, Ag, Sb, 

Zn, B ifrSaJKSttS&Jl£fcficft6&JPl*£JS 
yj-i:f B G A^«frga^@SSIES 

TSii*&RtCft t) , B G A¥«l*SB^lBlSSIEliSS1S 
tUgf ^JfjntC, B G A#—)lWgffift<Dffifc'?rt> 

•fnmff&T&tz c tft < , /^7°js*s©^fntc^ 

A ^aJJfrSS^fitfiStl- § 0SSIES*««**f*^ -y 7<D 
777^-y K3b^Kfrs<EftMfil«^o±ifii»c:/^> 

;u«atf sbs ? ft ft v § mm t ft o t ^ § ^ 

J6, -y 7 U -y ~f=f- v 7Hgf § « 

M-T?.ctft<BGA 0SSS^a«o*#f*f - -y 7°S^ 

«<D^#<*^ -y 7£H$§lT SCkffTt, 

[0 0 4 6] £/c*OTc£ftfj;\ ^ftf->y7°A^HSS 
BB«»«±iiit^>y««fc«fc t)7'J '^fy 7°^g£ 
ft. 0%EfftSfiXS(c {±#-;l/«ffi^7 U-T^t G5 

>7V >^*A<y F7bM5B^5fE*cg»gP / 73-«)±ffitc^>'7 0 
itft^W L, {53S»gp»<ollBk: BGA IE 
R S ft ft 1/ 5 [Rl8SE^fitg*^-r S IS 

t , n^Esasto^ > -/mm^mw^ f<n>%y -? 
mm t imst>-e? zxut, mmm&ummo)^- 

;l/Vii«A^EB^ftft^piMtc'>ft< t^humWhWcli 

/ n > 7ttH^ft ^-T £ Ig£ H x. T ^ S 46 , 
ralffi i: ft o t v ^ /i/ s y y'mm^s ft 1/ ^ V >y h «FJo 
IW-f <y 7^?^t* tLXt>®mcyVv 7°^ >y 
A^sj^tcft^o ;l/«S©EB4n4^*± 

si«tt'>a< t t¥#f*f--y 7°*mffi?z>iy7°mA±. 

±0«K, *%WtcJ:ft{f, B G A*WtSt«<0|IS» 

[gnfcofsmfti&Hji] 

[h i ] *fgf«©s*gah lt©^ i ^tmma&z 
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(b) "mm,. 

i® 2 ] m\ mifmv¥m#&m<omm-tim* ( a ) 

[113] 0 2(OMt<OXfI£ (e) &l^L (g) t^T 

mm 

[0 5] ® 1 ^M^Jtcf^¥#f*gfl^Biit-?)/ci6 
[0 6] If! 1 r £flfefl£ffilcffi3 X^*8B©^«£§MT 10 
[0 7] m l '^«^«itc^?>#«{*gB«aS^I^T 

[is] c a ) sn 1 4 ^ l as 3 oasjgiiK z^mwm 

B©ja**SttBBf S^ttH, ( b) $ 1 fc<J:tf£2 HfiS 
lite {£3 f-W*Sato?**^a{JH^1- 5#tt0 o 
[0 9 ] 4^g0flco!g 2 llJWJlc^ B G A S¥»#S 
H«*i«*/S-r (a) BnSHfccfctf (b) T-tSH. 
[ill ()] S2il«fl5!BOi|i*(*SB©«BS?3ffi% 
(a) J&fL (d) ©Xg-CSVrWffiBo 20 
[0 1 1] 111 OomZ<DIMlt (e) Sl>L (g) X 

7^-rifisiii,, 

[in 2] $ 2 'A«Mtcf^§-^f*^i;'{^r*-r (a) 
ftr//rti^v®fifnii- (b) (c) ran* 

[II 13] (a) 28 2 ^SfcJgflglcftS f-HI^ISfiKOJai* 
%W»] , rs/'c4?)tf)WttBI, (b) & l fc^Ug 3 MffiB 

[0 1 4 ] .43gHB«S 3 ^JBBSBKftS B G AI.IS* 
*JimoMf&&>i<? (a) r«43cfctf (b) flftll, 

[in r>] m^-mrnm^mmm^msr^m^ 30 

(a) (d) cOXfMX^TSufiillo 

[111 6] 111 r>cO*£#cOX?i!£ (c) (g) X 

.;;•) IddXl 

[in 7] $ 3 wmmmzm't (a) * 
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* fi|S#ifc*:»rIiH, (b) (c) Xffia, 

[018] ( a ) m 3 ^M»f£S#j*f*$tB?)»jSI 
*KWtSfcii>©WttH, (b) mzMMB&MM* 

[019] ( a ) #58BJJ<D?f5 4 ^Sfi^tC «H 
¥*<*SB£r^T¥ffi0, (b) *^cd^ 5 ^SSffi?Si 
Kfc* B G AS^iftgi^it¥ia 
[020] f£*©7 U y 77 D -y 7*S*®fe X tf B G 

Aiy*#frgB^^-n^n^T»TE0o 



1 ¥-«<*X-y7 

2 B G A IhIESE^SS 

3 ttjtariB 

4 #-/bvli*!tj 

5 i*±*nfi«« b g a iusse^s« tsttf zwm 

6 #-/I/WHM*it1S« 

7 ft?0SgSB£ill£X30!&6ri^lS* 

8 ;Vy-fm.m 

1 1 ^tt^yTSMfctt? 

1 2 #-;Wgrit*Hf 

1 3 H— £ 

1 4 t-h7-^ 

1 5 

2 1 X7XV yf'^v K 
2 2 A'JT^X 

2 3 ¥«^-y7f££^ffi7- 

2 4 VJW-bvX b 

2 5 /^yy^-ya >H 

3 1 fkKSffife 

3 2 A^-7b~b 

3 3 Xfy7t- 

3 4 TABY y-f— U — F 

3 5 TABf- 7 

3 6 httimmM 
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